Electronic Version 
Stylesheet Version vl.1.1 

Description 

METHOD FOR PHASE MATCHING BY 
DETECTING MAGNETIC FLUX 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The invention relates to a method for phase matching, 
and more particularly, to a method for phase matching 
between a first element and a second element by detect- 
ing a magnetic flux. 

[0003] 2. Description of the Prior Art 

[0004] In industry, many electronic products or mechanical prod- 
ucts contain some devices or elements that need to be 
fine-tuned under different situations and applications in 
order to optimize the performance of the product. In ac- 
tual applications of fine-tuning, screws are usually chosen 
as a preferred medium. This is because screws have the 
advantages of simplicity of structure and low cost. And 
most importantly, a screw has the characteristic of trans- 



ferring a rotational phase variation along a vertical axis of 
its body into a positional variation along the vertical axis 
with respect to an object where the screw is installed. By 
designing the distance between threads (or pitch) of a 
screw, the ratio of the phase variation with respect to the 
positional variation can be set as a large value, which 
means, when the screw rotates along a vertical axis of its 
body with a large phase variation, the relative positional 
variation will have a rather small quantity. If the phase 
variation is used as a fine-tuning mechanism (for exam- 
ple, by rotating the screw with a screwdriver), and the po- 
sitional variation is related to a status variation of a device 
or an element of mechanical or electrical design that 
needs to be tuned (for example, a vertical displacement of 
a rod, or a resistance of a variable resistor), a very precise 
fine-tuning process can be achieved through the above 
setting. According to the characteristics of screws men- 
tioned above, screws are quite suitable for fine-tuning 
applications. 

[0005] The relationship between a screw and a screwdriver used 
for rotating the screw is described as follows. The screw 
will receive a torque along an axis given by the screw- 
driver to perform the phase variation, and this usually de- 



pends on the geometrical shape of a recess of the screw 
being matched with the geometrical shape of a screw bit 
of the screwdriver. Due to the nature of the recess of an 
ordinary screw (usually a cross-shaped recess or a slotted 
recess), before the screwdriver can have a perfect match 
with the screw and start to actually give a torque to the 
screw and successfully change its phase, the screwdriver 
has to rotate with an angle such that the relative position 
of the bit and the recess match. But, since the relative po- 
sitions of screws and the screwdriver before every match- 
ing process are different, the angle rotated has an unpre- 
dictable value. This situation causes great trouble for an 
assembly line executed fine-tuning process with an auto- 
matic controlling program, in an assembly line procedure 
when a device is set to be fine-tuned to a certain degree, 
and the fine-tuning process is implemented through a 
certain phase variation of a screw in the device made by a 
screwdriver, the above-mentioned unpredictability of the 
angle then becomes an error factor of the fine-tuning 
process. The automatic controlling program is not able to 
determine the angle deviation and cannot compensate for 
it with the rotation of the screwdriver, causing error in the 
actual tuning result from the expected tuning degree. This 



error is usually, for a fine-tuning process, unacceptable. 
According to the prior art, in order to alleviate problems 
caused by this fine-tuning error, screws having more slots 
in their recesses (for example, six slots or more) are usu- 
ally used for reducing the unpredictable angle so as to re- 
duce the error. Alternatively, screws with a sophisticated 
recess structure along with corresponding screwdrivers 
are designed to perform a series of mechanical matching 
procedures that can insure the transfer of the torque on 
the screw from the very beginning of the rotation of the 
screwdriver. 

[0006] However, screws having more slots in their recesses or 
screws with sophisticated recess structures are not easily 
obtained. Additional custom-made assembly lines are 
needed and the manufacturing processes are more com- 
plicated than ordinary screws, so costs of these screws are 
high. Additionally, screws having more slots in their re- 
cesses do not even fully eliminate the error but rather re- 
duce it to an acceptable range. They are not the ideal 

fine-tuning tools for mass production assembly lines. 
Summary of Invention 

[0007] It is therefore a primary objective of the claimed invention 
to provide a method for phase matching between a first 



element and a second element by a detecting magnetic 
flux, different magnitudes of magnetic fluxes being de- 
tected for different flux routes caused by different spatial 
geometrical relative positions, to solve the above men- 
tioned problems. 
[0008] According to the claimed invention, a method for phase 
matching between a first element and a second element 
by detecting a magnetic flux comprises the following 
steps. First, the first element and the second element are 
positioned. Then, a magnetic flux generator is provided 
for generating a magnetic flux between the first and sec- 
ond elements. A magnetic sensor is then provided for de- 
tecting the magnetic flux between the first and the second 
elements. Finally, a relative position of the first and the 
second elements is adjusted until the magnetic flux de- 
tected by the magnetic sensor reaches a predetermined 
value. 

[0009] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 



[0010] Fig.l is a diagram of a metliod for pliase matcliing ac- 
cording to tlie present invention. 

[0011] Fig. 2 is a grapli sliowing magnetic flux detected with re- 
spect to a joint effect of distance and pliase between the 
two elements in Fig.l. 

[0012] Fig. 3 is a perspective view of the method for phase 

matching in Fig.l implemented for phase matching be- 
tween a screw and a screwdriver. 

[0013] Fig. 4 is a cross-sectional view of the screwdriver in Fig. 3. 

[0014] Fig. 5 is a top view of the Hall element in Fig. 4. 

[0015] Fig. 6 is a block diagram of an amplification circuit used 
for amplifying a voltage signal generated by the Hall ele- 
ment in Fig. 4. 

[0016] Fig. 7 is a perspective view of the screw and the screw bit 

in Fig. 3 when they are not matched. 

[0017] Fig. 8 is a perspective view of the screw and the screw bit 

in Fig. 3 when they are matched. 
Detailed Description 

[0018] Please refer to Fig.l. Fig.l shows a diagram of a method 
for phase matching according to the present invention, 
specifically, a method for matching a relative phase be- 
tween a first element 14 and a second element 16. A 



magnetic field 10a is provided in a bacl<ground space 
wliere tlie first element 14 and the second element 16 are 
located by using a magnetic flux generator 10, and there- 
fore any point in the background space has a magnetic 
flux value due to the existence of the magnetic field 10a. 
Further provided is a magnetic sensor 12 in the back- 
ground space for detecting the magnetic flux at a point 
where the sensor 12 is located. When the first element 14 
is rotated about and shifted along a vertical axis 18 at the 
same time, and the matching condition of the phase be- 
tween the first element 14 and the second element 16 is 
determined according to the magnetic flux detected by 
the magnetic sensor 12. Detailed operating procedures of 
the method for phase matching are described as follows. 
[0019] Please refer to Fig.l and Fig. 2. The first element 14 and 

the second element 16 are shown in Fig.l. The method for 
phase matching adjusts a relative position and a relative 
phase between the first and second elements 14, 16 along 
a horizontal direction and a rotational direction of a verti- 
cal axis 18 into a certain status. In order to determine 
whether the relative position and phase between the first 
and second elements 14, 16 have reached the certain sta- 
tus, a first matching line 14a perpendicular to the vertical 



axis 18 is defined. Tlie sliift amount and direction along 
the vertical axis 18 of the first matching line 14a is equal 
to the shift amount and direction along the vertical axis 
18 of the first element 14, and the rotation amount and 
direction about the vertical axis 18 of the first matching 
line 14a is equal to the rotation amount and direction 
along the vertical axis 18 of the first element 14. A sec- 
ond matching line 16a perpendicular to the vertical axis 
18 is further defined. The shift amount and direction 
along the vertical axis 18 of the second matching line 16a 
is equal to the shift amount and direction along the verti- 
cal axis 18 of the second element 16, and the rotation 
amount and direction about the vertical axis 18 of the 
second matching line 16a is equal to the rotation amount 
and direction along the vertical axis 18 of the second ele- 
ment 16. 

[0020] After defining the first and second matching lines 14a, 
16a, a distance 18a is defined as the distance from the 
first matching line 14a to the second matching line 16a 
along the vertical axis 18. At the same time assume that 
when the distance 18a reaches a predetermined value, the 
relative position between the first and second elements 
14, 16 has reached the certain status. A phase angle 18b 



is further defined as tlie angle from tlie first matcliing line 
14a to the second matching line 16a along the clockwise 
direction of the vertical axis 18. At the same time assume 
that when the phase angle 18b reaches 0, the relative 
phase between the first and second elements 14, 16 has 
reached the certain status, which means the phase be- 
tween the first and second elements 14, 16 matches. 
[0021] In order to achieve the purpose of position and phase 
matching, the magnetic flux generator 10 is set in the 
background space where the first and second elements 
14, 16 are located, and therefore any point in the back- 
ground space has a corresponding magnetic flux value 
due to the existence of the magnetic field 10a. At the 
same time the magnetic sensor 12 is also set in the back- 
ground space and is used for detecting the magnetic flux 
where the sensor 12 is located. Since the structure, geom- 
etry, and materials of the first and second elements 14, 
16 are different according to different applications, differ- 
ent relative positions and phase conditions between the 
two result in different magnitudes of magnetic flux in the 
background space. Based on the phenomenon described 
above, variation of the magnetic flux detected by the 
magnetic sensor 12 with respect to the relative distance 



18a along with the relative phase angle 18b between the 
first and second elements 14, 16 can be used as a refer- 
ence for determining whether the phases of the first and 
second element 14, 16 are matched. 
[0022] Shown in Fig. 2 is an example of the above-mentioned 

magnetic flux with respect to a joint effect of the distance 
18a and the phase angle 18b. When the distance 18a be- 
tween the two elements 14, 16 reaches the predetermined 
value and the phase angle 18b reaches 0 degree (or 360 
degrees), the magnetic flux reaches a maximum value 
(point X in Fig. 2). So if the magnetic flux detected by the 
magnetic sensor 12 is the maximum value, the first and 
second elements 14, 16 have reached the certain position 
and their phases match. The locations of the magnetic 
flux generator 10 and the magnetic sensor 12 can be cho- 
sen according to what kind of design the magnetic sensor 
12 is able to detect a significant magnetic flux variation 
so as to measure useful magnetic field information. For 
example, the magnetic flux generator 10 can be installed 
on one end of the second element 16 and the magnetic 
sensor 12 on one end of the first element 14. Likewise, 
the magnetic flux generator 10 can be installed on one 
end of the first element 14 and the magnetic sensor 12 on 



one end of the second element 16. 

[0023] The magnetic flux generator 10 is usually a magnet, while 
the magnetic sensor 12 is usually a Hall element. How- 
ever, the magnetic sensor 12 could also be another device 
such as an MR device or a magnetic diode that can trans- 
late the magnetic flux detected into a readable signal. 
Even though the structures, shapes, and materials of the 
first and second elements 14, 16; the location and 
strength of the magnetic flux generator 10; and the loca- 
tion, species, and detecting ability of the magnetic sensor 
12 all affect the relationship shown in Fig. 2, through ap- 
propriate design the present invention method can always 
be used for matching the relative phase between the first 
and second elements 14, 16. 

[0024] Fig. 3 shows a preferred embodiment of the method for 

phase matching shown in Fig.l. A device 32 that needs to 
be fine-tuned is installed on a metal plate 30. Two con- 
necting rods 34 are mechanically connected to a tuning 
mechanism of the device 32. Three screws 26 are used for 
fine-shifting the two connecting rods 34 by transferring 
their phase variations along a vertical axis of their bodies 
into positional variations along the vertical axis, such that 
the purpose of fine-tuning towards the device 32 can be 



achieved. A magnet 20 is also included for generating a 
magnetic field, and three screwdrivers 24 are provided for 
transferring torque to the screws 26. 

[0025] Fig. 4 shows a cross-sectional view of the screwdrivers 24 
in Fig. 3. The screwdriver 24 comprises a screw bit 24a for 
directly applying torque to the screw 26. The screwdriver 
24 also comprises a Hall element 22 connected to one end 
of the screw bit 24a and used for converting a voltage in- 
putted from input nodes 40a, 40b into a voltage out- 
putted by output nodes 42a, 42b according to the mag- 
netic flux detected by the Hall element 22. The screw- 
driver 24 further comprises four armatures 36 connected 
to the input nodes 40a, 40b and output nodes 42a, 42b, 
respectively, and four brushes 38. The armatures 36 in 
conjunction with the brushes 38 insure the continuity of 
the input and output of the voltage signals during the ro- 
tation of the screwdriver 24. 

[0026] Fig. 5 shows a top view of the Hall element 22 in Fig. 4. The 
voltage outputted from the output nodes 42a, 42b of the 
Hall element 22 can be amplified by an amplification cir- 
cuit 44 shown in Fig. 6 for the convenience of being read 
out by the automatic controlling program of the assembly 
line. In this preferred embodiment, after being amplified 



by the amplification circuit 44 tlie voltage signal out- 
putted by the Hall element 22 can be represented by a re- 
lationship 50 of a voltage with respect to the magnetic 
flux detected by the Hall element 22. By examining a 
curve 52 in the relationship 50 one can tell that, when the 
magnetic flux increases, the voltage increases until reach- 
ing a saturated value. 
[0027] Please refer to Fig. 7 and Fig. 8. Please note, in order to ob- 
tain a more significant amount of magnetic flux variation, 
metals with higher magnetic permeability (such as iron or 
nickel, etc) should be chosen as materials for the screw 26 
and the screw bit 24a. Fig. 7 shows a perspective view of 
the screw 26 and the screw bit 24a in Fig. 3 when they are 
not matched. When the screw 26 and the screw bit 24a 
are not matched, except that a small area of the surface of 
the screw bit 24a is in close proximity to the recess of the 
screw 26, parts of the screw bit 24a are far away from the 
recess. This results in a significant air gap between the 
screw 26 and the screw bit 24a, which means when the 
magnetic flux flows through the screw 26 and reaches the 
screw bit 24a, a route with significant air gap must be tra- 
versed. Conversely, Fig. 8 shows a perspective view of the 
screw 26 and the screw bit 24a in Fig. 3 when they are 



matched. When the screw 26 and the screw bit 24a are 
matched, since they are perfectly in contact, the air gap 
between them is quite small. This means, when the mag- 
netic flux flows through the screw 26 and reaches the 
screw bit 24a, a route with less air gap is traversed. 
[0028] Metals with higher magnetic permeability are chosen for 
the materials of the screw 26 and the screw bit 24a, their 
permeability (i.e. ability to induce magnetic flux) being 
much higher than that of air. When the route of the mag- 
netic flux contains more air gap parts, the magnetic flux 
will be relatively small, while when the route of the mag- 
netic flux contains fewer air gap parts, the magnetic flux 
will be relatively larger. Therefore, in the process of rotat- 
ing the screwdriver 24 starting from the state that the 
screw 26 and the screw bit 24a are not matched until the 
state that they are perfectly matched, the magnetic flux 
flowing through the screw 26 and the screw bit 24a in- 
creases from a small value to a larger value. Accordingly, 
the voltage signal generated by the Hall element 22 de- 
tecting the magnetic flux will enter a saturated value, as 
shown by the curve 52 of the relationship 50. When the 
automatic controlling program is properly designed and 
provides a threshold voltage 54 that is close to and 



smaller than the saturated value, then when the voltage 
signal generated by the Hall element 22 detecting the 
magnetic flux reaches the threshold voltage 54, the auto- 
matic controlling program can determine that the screw 
26 and the screw bit 24a have matched and the actual 
fine-tuning process can be started. 

[0029] In contrast to the prior art that uses screws with more 

slots in their recesses or screws with sophisticated recess 
structures to insure the phase match between the screw 
bit and the screw recess before the actual fine-tuning 
process is begun to eliminate errors of fine-tuning, the 
present invention has the advantage of lower cost. 

[0030] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



